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(54)Title: GENE ORIGINATING IN HUMAN CHONDROCYTE 



(57) Abstract 

A gene expressed specifically in 
differentiated chondrocytes originating in 
humans. This gene is obtained by culturing 
chondrocytes in the presence of dibutyryl 
cAMP so as to culture the same in a 
differentiated state, and detecting a gene 
showing a difference in expression between the 
differentiated chondrocytes and the 
dedifferentiated ones. 
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# (Kato et al. (1988) Proc. Natl. Acad. Sci. USA 85, 9552-9556; Oakes et 
al. (1977) J. Embryol. Exp. Morphol. 38, 239-263). bl«©fttffllfi4dft 

;nt»T?^fb3BRS!&ltJ*t" SCliltfft^tlT^SAHBenyaP.D. and Shaffer J. D. , 
20 Cell 30, 215-224, (1982) k flBHSom t) SH^^&^il^T'ttx §St:^ 
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mm^it^mr-i^m^ ^ s ^ ^ & jitBT 1 1 & #<b ufctfc««ai&5Hb 

tttt>%. WTO (a) Xtt (b) ©*>M*R£3-|*-r3DN 

A (WTs *$6HBDNAi:fcl>5) fctt^-fSo 

sm^ u < ttftJo* nfc t s. j mini? . wm&*% 2 tisw- s 7* s y »# 

*lj57^K*f 5 1-10 8<D7Z ;m%int 8 5%teLh©ffiHffifttf U 
2 Sflc&J£j& bfc £ * fciff£Bi?U C A N N T G&tf/Xfci: C A C N A G fc*g^t? 

*^DNAtl *f?£L<fciu WTO (c) XB: (d) ODNAffeSo 
( c ) 12?'J#^ 1 lC^-r^ffiiE5»J{343t7-5^M^ 2 0 7- 1 4 4,2 ©i&SE 

(ommm®. camp !«fto ^st -c ttMUB 

c A M P fS&ttH:*? SKtty^f iJ^cAMP(WT dbcAMP i: IB« 
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* 

(2) hM^>7;i/-t-Mi:^fe^ix5 

(3) ^f^DNA^^bTVASo 

#$gQJ3DNAfci:> Jtt&^'J -;i/-r-^U (bHLH, basic 

helix-loop-helix) mmffiU^-fflm?*?- Kf* £*u lfe#i:U-CO 
#<fb (c £ ^ T « * © ? © £ H 15 1" i> & iT® S S % & SI £ ^ b T V > £ t 

O II 9l(- & V * T 4) m m t- & & o 

TO <D i: J&#"fb VIM <D i: © m T- 3*31 © M m £ M t 3 Mfc? £ tfc 

S o 

^ 1 gill DEC 1 ^^(7)bHLH^>>'^KObHLHM©i:titS^f H 

^ 2 WSilbfct h^#M{IS©m^^fm^¥Xt$)S (a : d 

bcAMP^W b : dbcAMPiWo 

£nfc«©ff£fi (£«5©J&«8) 3 (a : dbcAMP» 

b : dbcAMPW, 
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£3-BltiU t M»S*Haai^aBJiat*MRC5fc*i^Tx dbcAMPCW, 
DE C lmRNAW^nfeC tS^t^SSo 

$4 Bills t h^FM** Hela «BlBt*^Tx d b c AMP©*Jn& DEC 
1 mRNA*M8$£*ifc£fc&^1"EI"C*3o 

%5m&s $V*r$k®Mmz&^X, P T H©iiDt> EClmRNAtfi^ 

$6BIH\ ^"9-^r«t#«Ma*Sil^fc*V^tx dbcAMPOWv DEC1 
■mRNA#&#£ftfcdfc&^-fl2t*3o 

i71^ dbcAMPCm DEClmRNA 

»K C©T^ y 8E5«Stt5^W^H^ ■ *W«l*tZiJ^"Cfct N DEC It 

U'^7J1/-7aiJ^7 (bHLH) fS^$> £ d 2: tfJpJflB bfc (IS?'J#^ 2 
t£t:>-£T= y^#-«§5 1-10 8)0 bHLH^W^Rd 2IffSMbs 
Etfy^T. (CANNTG) tJg^fSc: £*lT^3o 

CCbHLHSm ^tc, 7>nHESl (47. 5%K HES2 (4 
2. 6%K HE S3 (4 0: 3%X HES5 (3 7. 7%), 
TlU(Drosophila hairy) [hairy 2:1*1"] (3 9. 3%). fiVx x>^>1t - 
3}- -7* 7"U y h (Enhancer of split) m 7 [E(spl) m7 fclftl"] (3 7. 7%) 
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HES775U-, hairy &7J E(spl) m7 HU Ntfy** (CACNAG) tc 
m&tZZ££& t)mW*mMTZM<DMM®?tl,X&&L (Sasai et al. 
(1992) Genes & Dev. 6, 2620-2634; Ishibashi et al. (1993) Eur. J. Biochem. 
215, 645-652; Akazawa et al. (1992) J. Biol. Chem. 267, 21879-21885; Ohsako 
etal. (1994) Genes & Dev. 8, 2743-2755; Dawson etal. (1995) Mol. Cell. Biol. 
15, 6923-6931; Jan et al. (1993) Cell 75, 827-830) N 
HJ;5$5l07^f^ <DVflffl*m < t^TL btlZ Trp-Arg-Pro- 

Trp(WRPW) (§mm^ 3 ) ffim* C5fc$g{BUfc:;& UtO 5 (Dawson et al. (1995) Mol. 
Cell. Biol. 15, 6923-6931)o DE C llibHLH^ W^ltiiKt^^ d 
© WRPW M$fcW£&^©T*s D E C 1 «±tt#JKJ*fc:BI#-r StfgE&tS^B^T? 
ftSfcSbfiS. W±©ifcA»e>x DEC lttE^s/^^lzJraitN^'y^^K:* 

*3-Kt5DNA £ttT-& < s H?U#^ 2 {Crn-TT < J KIB^ICE^T 1 £ b 

9j#-^2{3i3itsT^ y^«5 i~i o 8or^>'Kia9«jt*gi-rsa5^o7' 
^ j mm&mmm^ 2 5i~io8®7^ mm t 

SK^iJ CANNT GSlf/Xt± CACNAG, *f £ L < iii&gIE?iJ C A N N T G 
t*S^-e*5^W^H43 - Kt5DNA4'a^t5feOT?*5. ££"£±13 
mS^'J*©N{iAx G, CXIiTS^to i&2£BE#J C A N N T G©05£: lttt> 
CACGTG, CAGGTG. C AG T T GRXfC A C C T Gitm? ?>n£o & 
i\-r^>M^H*D-Hr5j ilfcJU DNA**2*|S7?ftS»^CI± N M 2 

#ii©^rnfr-;5#* w^ic^n- Kf s*i*iB9!i&*"rscifc**i*''rao 
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CtoTStmck^fSS. 2 I^SffM I fc t # tlSl?'J C A N N T 
GX{iCACNAG(3^-CS5rSt4©«iJ^^(i^W (0"i;ifcJu Ohsakoetal. 
(1994) Genes & Dev. 8, 2743-2755) T'fcOs d0«H44^O5tofcg£&^ 1 fit 

*^BJDNAO»#:^Ji:bTtt> WT© (c) fitf (d) ©DNA#^(f£ft 
-2) o 

( c ) EBIM 1 t*"r*a6BB5llK:*tt*Jfia6»-9 2 0 7-1 44 2 ©&*IB?'J 
(d) (c) ©DNA^T; h U >^i>h^tTT'M yj^XtSDNA. 

cc-e^ h u yv^y hfc&Wfctt, ^;b«9>3W»«&>w 7V v Ytmtite 

(:7 9flfc;W7'J y KcDTm^^HtTmJ; D 2 0"Cffil , »fi&£T?©teffl©ifi 
$>€)V^(i8 0%JU±CDffi[5]tt^^-r2)DNA|5l±* s M^yU^-l'XU *tl 

T'fctK b<tt±B3 (c) ©DNATf.feSo 

&^$nfe©tfs £©E^jfc£^T^j*rscifca i '»rffeT&So d©iM 

P C RXtiA-f y U *X -b*— -> 3 > t ct otMD N Afi>(±m 5 d £ 4>t * So 
tf©mRNA§fflV^RT-PCR^T^^^ ICt^ifOcDN 

A7^f77 >J-£> DEC l©±aJXtt-SPS=i-h*fs'jfi2£E9!I*W1'*^ l J 
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#&BJ§DNA#:3-K-f £*>^JIteu UT<D (e) Xtt (f ) (D*>>i# 
(e) K5»J#-52 izmtTK 

y»^5 1-10 8©T^ y^BB^iJi: 8 5 %kLt£MSlRH4 : £W U 

2 s&£«bfc h gizmmmm c ann t g&tj/x& c a c n a gh^t* 

Ki:bT^3g^-&T*» t kv^ 
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M^^i (Fab) 7^^>h 
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fclBUBJ/tttH:* ill! £ *g£$ * 5 d 1 1 «t o T«»<b* iiT l vr J: ^ o 
iffflflS * i£Ji tg*E 1" S £ i: & #a -r S o 

#we>ft£o 

o CI & < JMBISJK* jSJS-r * £t£H£ & ofecAMP ©SH&UTCfc 0 > 
$?£b<te> yyf'J^cAMPtftS. 

l±0. 3~0. SmMtfJfHk 

3fe*. *BJiffil#{w^v^T> #fc#»fctt*HMIBJIS#'J>& < t *»filT0 ( 1 ) ~ 

(2) 0l4g$tf5lt^Mt2.o 

(i) »isiu nua^wtRfcW'U 

(2) K;i^f tcffe&£ ft 5o 

(1) BIMIU «M*£HKStt 
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(2) h fruity 7 *i* 

(3) *$6lil!DNA#$BSiUTM*. 

^cfc^SJ^ 5IT-@MIbfct hfl&JE (Norman Bethune University of 
Midecal Sciences, the Department of Pathology frt>\^) <D*.M-WB?3tgO 

f«i;#5Wbto :0«:fip^ lffl«iufc^#^ 3mg/m 1037^.7- 

■t? (*-f 7* IA, Sigma) S^tr ajSgW -^Vl/tgife (a — MEM) SOtH^ 
^ rf Shimomura et al. (1975) Calcif . Tissue Res. 19, 

179-187 izmmcD^mtm^mzx-Drm^mm^^mhrzo m^ntzMM* 

1x105 flS/^-f 'r>iO^T- IS37-t j >Mt^ \y:>j.(;:££ N 1 
0% ^fr^, 5 0/xg/ml7^3;Hf>i, 3 2$fe/ml©^i' l J 
>St>*4 O^g/mlO^ h U 7 b V>f i/>%-&tsa -MEM ( 1 Oml/fi 
>y->j.) t£T*tS^U£:o tJ-^zi h(suhconfluent)ld«cofchZl 5T'^ 

^U;UcAMP (d be AMP) (ImM) £i£#tgi&£» Lfco d b c A 
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(a : db c AMPITOn, b : d b cAMPliD). 

d b c AM P #STT^i bfetf ttil &$?«££tlfc# N # 
#^ET•e^#Ufc$^:#«^i^ t5^»fe£ft&fro£o EI2B^ dbcA 
MPiMl 2BlW»h;K^>^--C^lfc^it (a : db 
cAMPMDx b : dbcAMPIJ)D)o 

mRNA<D^3l£RT-P CR&£Tf&§*bfco fl-?v-#-©fggi£ d b c A 
MP#^Ti:^#^T-ei:b^Ufe^^ db c AMP#SK'iiM»W 

toT> db c AMP#^ETTig»U/iSfe#m(is t LX OfritVim 

db c amp (D±m$h$k(Dm&&i&&%m^tctz mmm&mmi&fttt} 

£.Ji*U 0. 3~0. 5mMfl^CS:ofeo 

fcfcs dbc AMPmt^ ^•tr^&U 1 -'? h >J Ott#iMBJB©«"fb^S 
®^^^^#fe»3*mbfe»3-rSi:^^nTV>SbFGF (0. 4ng/ 

ml) SIFT GF — /3 (3ng/ml) &ffl^T±BfcH«fcfc#fflB**3»b 

r>£RNA£tttBbfc 0 #U (A)+RNA£01igotex-dT30(Roche) U 
TMbfco ( + dbcAMP) T'(i^3g-r5dS N IK^"fti*fe#iHDflS 

(-db c AMP) tliMUft^mENA^^tL^o- >£+J-^h-7^ 
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7;W7U^ $/ a >( subtract ive hybridization)^! J: 0 S^U fco 
PCR-bU^hcDNAf7h7^i/a>^yh (Clontech) Sffl^T, 
#J»2mR N A cDNA$ s ^<blfe#»©m R N A da*CD c D N A 

iT*?gSt5cDNA^ ^^©fl^fi^^T, +>- r l/^> 3 > P C R {;: J: 
!?±li|i£ftfco ffe>tlfePCR^tJS Tr-/K^ -©pGEM-T 

(Promega) C^d — >U $J 1 2 0{!4)^ n — >©i&»U?!j$££f7o fc e H 
^tff©fefi)(C lfliCD^ n — > (pSUB3 7) SMiRU ^fjS1"S^>^ 
^!UMl£DEC 1 in^SUfeo 

p SUB 3 7© NcoI-PstI 77^> h^7*D-^h Uffl^T> DEC 1© 

deck*, mm, mRmn-eftm^ ztz, m-m, mRvnx*<b 

RNA (5XlilO//g) §^A7^rb >£^£r 1 %7*"D-7mta 
a^^>H-N^>7"7> (Amersham) (c^bfeo Mt}«I8^£ 
fctfK fl^c^t h/Mlli^©^:RNAA5 Norman Bethune University of Medical 
Sciences (D Li Yutf±J: Dft{££ftfcoP SUB 3 7 CD NcoI-PstI 37 =y 7* > h 
£ [32P] dCTPtiHU ;W:/U^Hf-i>3>7"D-:/i:UTffl^fc 0 
* >^-7>& 6 5°CT 3 Ofrm, 0. 5%SDS£^tfO. 2xSSCt<tt)^ 

DEC1 cDNA©^cDliSiH^J^(iWT©ia^fTofe 0 DEC1£ 
ScDNA^ -7^V>(Marathon)cDNAtii|!g^riy h (Clontech) 
Y.V hT>7ij7^-^3>cDNAx> h* (RACE, rapid amplification 
cDNAends)&l;:J:D#8£bfco f &fc*>, i*icDNA^V7V>cDNA 7 
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v— P SUB 3 7CDig»iS?iJ(ca^^TDE C 1 ffll-ISst Lfc»£-?ft#l$J 

y^^T-t^m^xn-otco ii ife c d n asss* 4 y 7^ u jvt ^ h* 

**xJH^fco DNAE8]fc£fciu 5/-*x:J— • fe*7— ^Tlf-dGTPDNAi/ 
-^x>*/>^fh (Amersham) XliAB I XA 3 1 0 h ^?x> 
(Perkin Elmer) £ffll>T^ >#— i£lc<k oTff o fco 

tzn-To DE C 1 cDNAIt 1 2 3 6 bp©t-7>U-r^ >^7l/-A^ 
^bT^&o ^'JAl^Hl^fc2 9 2 2bp©fi£BU ±i3yi?>XPy r# 
|fm#£tifcmRNA©1MX (3. lkb) £«fc<— SfTSo 5' «g«fc:-f > 
7 1/— AtteZT, h>y7D h'>#&i><DT% i«]OATG«3 K>hH#><b 
n^o £fc> glOOATGn h*>©5£< OiB^Iti ^ 'If v*#jMBBIfc ^St"TS 

(GCCGCCA/GCCATGOo DEClii, 4 127^8*^.^ ^iii^iF 

fi &4 5 . 5 kD aT-feSo 

(H»J3) 

( 1 ) tt®%.Vl5& : 

(Shimomura et al. (1975) Calcif. Tissue 
Res. 19, 179-187) 4M^OMB*fi £1^©jyj#©fft#$ftXl/- h 

iti^OlBia^ 5x1 0 5 «/l OmmOX^^^y ^ffi[|K%MK:)ffau 
10%FBSs BOmg/mliJtv-fyX 2 5 0ng/ml7>*T l Ji'> 
B£cfctf5 0U/ml^-^U>G^tfe 1 0 m l<Da— MEN«cfT% 3 
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W^PBS«lt> JflliiftMb«:v^*f»a! 1 OmlOa— MENt 
ibT4 8^§^Lfeo 4 >dra^-i/3>H7liOl»^ 2 4P#^(3> 
ImMffldbcAMPs sS^tt 1 0 x" 7 MO h Y^.H^kX. P T H - (1-84) 

5 t hKttfli^ilMflS (MRC- 5) N thf^IM«(HeLa), fc h 

MUBfls (HepG2) &im 7 wii±Mifla (mdck) j± % mm&&¥>*> 

V (B*) fr£>A-^U 1 0%FB S^ffiSlfe^K^^-f-WtKD 
MEM) ©itiT-=3>7;bai> M::&5£T-tS#Lfco *g#tJ#:3 > 7;i/^> h fc 
ttiXfrh, »S10%PBS-eMl^ ifii?»£^rL&^£Ti¥&DMEM 

lmM©dbcAMP^tll:»Ufec WI&*RN AUROfcftCJMStt 

o 

(2 ) J-^yJuv h##r : 

15 (Smale G. and Sasse J., Anal. Biochem. 203, 352-356 (1992))C =fc D JlfetB 

bfco ±RNA!frM- (8-2 O^ig) £s *;UATS. Y I %T 13 U - 7, V 

)l±X-m%faW} U NYTRAN HI ( Schleicher & schuell, Japan) (30 b fc 0 pSUB37 
<D l.lk b ONcoI-Pstlir^^s [ 32 P] dCTPX-7^HbU ;W:7U*W 
«-5/a>7D-ri:bT«fflbfc, 0. 5%DSD4^n0. 2x 

20 SSCSfflOTs 55°C^ 3 O^iaift&Ufco ft&UfcJBB\ -70°CT\ tg 

U— >ftfflW£>W (BioMax) Xi®7 ;bA (Eastman Kodak 

Co., Rochester.NY) CDtlfc 
( 3 ) *£J?I : 

(i) t M^**fl|iai^«ffllia^MRC 5Ci5V>Ttts dbcAMP©IJlDi> 1- 
25 2 4l$H-eDEC lmRNA#SI$£ttfc (0 3 ) c 

(ii) t h^Jgfi3feHela*BlI!ST**K dbcAMPOiiD^ 1 Ii#P^Jilrt(cD E 
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C 1 mRNAtfmmZtitc (0 4 )„ 

(iii) ^V^m^fflmzjo^TFTROimm, l-2 4^fDEClmRN 

A&mmztitc (m 5) 0 

(iv) W*c&&mM%&%fc&^-Cb db c AMPCD^»D^(3DE C 1 mRN 

(v) b hffF^fflflaSMflS^HepGE t^^V^T(i^ dbcAMPOii^ 1-6B# 

v 

F^tiDE C 1 mRNAb^Mc^fbttjl^ft&frofco 

(vi) mm&MMi&fc£jo^Xt), dbcAMPOttliDEClmRNASi 
#bfc (El 7)o 

W±©^i^ tftftPTH/PTH-r pOWil:DECl bHL 
HfeTOT-#PfcoTO&c£#^£nfco £<=>£x DEClbHLHCT 
^ 1±M b fe H h ^ fS & <fc t>"± c A M P £ Jfog b T 1 1$ US £1 

p«g tsiai* ntz tt c a m p */ in- )vm<DM&=?fm t eis 

<0«C*^T*i c AMPt<totDE C 1 mRN A#g&*£ix3 £ 
e, flfeco c A M P & # -T 5 #1 §1® IS*® t) * ffl T' £> 3 % £ £ ft 5 o 
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1. filTO (a) Xtt (b) ©^W^R4n-Kt5DNA. 

s&g b < «±f* £ t s j mmm e> t) > ew#^ 2 1: * # a t k j ®# 

§51-10 8©ts. y'SJEJUtffi^-ras^oT^ /kew&E8J#^2£ 

*W-5T^y||#-9 5 1~1 0 8©7^ iSlE^'J ii 8 5%W±©ffiHttS*U 
2 m&*BWu L fc h * tC^iB^J C ANN T G&tf/XB: C A C N A G KHS£"C 
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iE^'J#^ : 1 
ffiB|CDfi& : 2948 

mn<DW& : cDNA 

mmzm-tiz^ : cds 

#£{4K : 207. .1442 

ATTACGAACT GGACACCGGG CCATGCACGC CCCCAACTGA AGCTGCATCT CAAAGCCGAA 60 
GATTCCAGCA GCCCAGGGGA TTTCAAAGAG CTCAGACTCA GAGGAACATC TGCGGAGAGA 120 
CCCCCGAAGC CCTCTCCAGG GCAGTCCTCA TCCAGACGCT CCGCTAGTGC AGACAGGAGC 180 
GCGCAGTGGC CCCGGCTCGC CGCGCC ATG GAG CGG ATC CCC AGC GCG CAA CCA 233 

Met Glu Arg He Pro Ser Ala Gin Pro 
1 5 

CCC CCC GCC TGC CTG CCC AAA GCA CCG GGA CTG GAG CAC GGA GAC CTA 281 
Pro Pro Ala Cys Leu Pro Lys Ala Pro Gly Leu Glu His Gly Asp Leu 
10 15 20 25 

CCA GGG ATG TAC CCT GCC CAC ATG TAC CAA GTG TAC AAG TCA AGA CGG 329 
Pro Gly Met Tyr Pro Ala His Met Tyr Gin Val Tyr Lys Ser Arg Arg 

30 35 40 
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GGA ATA AAG CGG AGC GAG GAC AGC AAG GAG ACC TAC AAA TTG CCG CAC 377 
Gly He Lys Arg Ser Glu Asp Ser Lys Glu Thr Tyr Lys Leu Pro His 

45 50 55 

CGG CTC ATC GAG AAA AAG AGA CGT GAC CGG ATT AAC GAG TGC ATC GCC 425 
Arg Leu He Glu Lys Lys Arg Arg Asp Arg He Asn Glu Cys He Ala 

60 65 70 

CAG CTG AAG GAT CTC CTA CCC GAA CAT CTC AAA CTT ACA ACT TTG GGT 473 
Gin Leu Lys Asp Leu Leu Pro Glu His Leu Lys Leu Thr Thr Leu Gly 

75 80 85 

CAC TTG GAA AAA GCA GTG GTT CTT GAA CTT ACC TTG AAG CAT GTG AAA 521 
His Leu Glu Lys Ala Val Val Leu Glu Leu Thr Leu Lys His Val Lys 
90 95 100 105 

GCA CTA ACA AAC CTA ATT GAT CAG CAG CAG CAG AAA ATC ATT GCC CTG 569 
Ala Leu Thr Asn Leu He Asp Gin Gin Gin Gin Lys He He Ala Leu 

110 115 120 

CAG AGT GGT TTA CAA GCT GGT GAG CTG TCA GGG AGA AAT GTC GAA ACA 617 
Gin Ser Gly Leu Gin Ala Gly Glu Leu Ser Gly Arg Asn Val Glu Thr 

125 130 135 

GGT CAA GAG ATG TTC TGC TCA GGT TTC CAG ACA TGT GCC CGG GAG GTG 665 
Gly Gin Glu Met Phe Cys Ser Gly Phe Gin Thr Cys Ala Arg Glu Val 

140 145 150 

CTT CAG TAT CTG GCC AAG CAC GAG AAC ACT CGG GAC CTG AAG TCT TCG 713 
Leu Gin Tyr Leu Ala Lys His Glu Asn Thr Arg Asp Leu Lys Ser Ser 

155 160 165 

CAG CTT GTC ACC CAC CTC CAC CGG GTG GTC TCG GAG CTG CTG CAG GGT 761 
Gin Leu Val Thr His Leu His Arg Val Val Ser Glu Leu Leu Gin Gly 
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170 175 180 185 

GGT ACC TCC AGG AAG CCA TCA GAC CCA GCT CCC AAA GTG ATG GAC TTC 809 

Gly Thr Ser Arg Lys Pro Ser Asp Pro Ala Pro Lys Val Met Asp Phe 

190 195 200 

AAG GAA AAA CCC AGC TCT CCG GCC AAA GGT TCG GAA GGT CCT GGG AAA 857 
Lys Glu Lys Pro Ser Ser Pro Ala Lys Gly Ser Glu Gly Pro Gly Lys 

205 210 215 

AAC TGC GTG CCA GTC ATC CAG CGG ACT TTC GCT CAC TCG AGT GGG GAG 905 
Asn Cys Val Pro Val He Gin Arg Thr Phe Ala His Ser Ser Gly Glu 

220 225 230 

CAG AGC GGC AGC GAC ACG GAC ACA GAC AGT GGC TAT GGA GGA GAA TCG 953 
Gin Ser Gly Ser Asp Thr Asp Thr Asp Ser Gly Tyr Gly Gly Glu Ser 

235 240 .245 

GAG AAG GGC GAC TTG CGC AGT GAG CAG CCG TGC TTC AAA AGT GAC CAC 1001 
Glu Lys Gly Asp Leu Arg Ser Glu Gin Pro Cys Phe Lys Ser Asp His 
250 255 260 265 

GGA CGC AGG TTC ACG ATG GGA GAA AGG ATC GGC GCA ATT AAG CAA GAG 1049 
Gly Arg Arg Phe Thr Met Gly Glu Arg He Gly Ala He Lys Gin Glu 

270 275 280 

TCC GAA GAA CCC CCC ACA AAA AAG AAC CGG ATG CAG CTT TCG GAT GAT 1097 
Ser Glu Glu Pro Pro Thr Lys Lys Asn Arg Met Gin Leu Ser Asp Asp 

285 290 295 

GAA GGC CAT TTC ACT AGC AGT GAC CTG ATC AGC TCC CCG TTC CTG GGC 1145 
Glu Gly His Phe Thr Ser Ser Asp Leu He Ser Ser Pro Phe Leu Gly 

300 305 310 

CCA CAC CCA CAC CAG CCT CCT TTC TGC CTG CCC TTC TAC CTG ATC CCA 1193 
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Pro His Pro His Gin Pro Pro Phe Cys Leu Pro Phe Tyr Leu He Pro 

315 320 325 

CCT TCA GCG ACT GCC TAC CTG CCC ATG CTG GAG AAG TGC TGG TAT CCC 1241 
Pro Ser Ala Thr Ala Tyr Leu Pro Met Leu Glu Lys Cys Trp Tyr Pro 
330 335 340 345 

ACC TCA GTG CCA GTG CTA TAC CCA GGC CTC AAC GCC TCT GCC GCA GCC 1289 
Thr Ser Val Pro Val Leu Tyr Pro Gly Leu Asn Ala Ser Ala Ala Ala 

350 355 360 

CTC TCT AGC TTC ATG AAC CCA GAC AAG ATC TCG GCT CCC TTG CTC ATG 1337 
Leu Ser Ser Phe Met Asn Pro Asp Lys lie Ser Ala Pro Leu Leu Met 

365 370 375 

CCC CAG AGA CTC CCT TCT CCC TTG CCA GCT CAT CCG TCC GTC GAC TCT 1385 
Pro Gin Arg Leu Pro Ser Pro Leu Pro Ala His Pro Ser Val Asp Ser 

380 385 390 

TCT GTC TTG CTC CAA GCT CTG AAG CCA ATC CCC CCT TTA AAC TTA GAA 1433 
Ser Val Leu Leu Gin Ala Leu Lys Pro He Pro Pro Leu Asn Leu Glu 

395 400 405 

ACC AAA GAC TAAACTCTCT AGGGGATCCT GCTGCTTTGC TTTCCTTCCT 1482 
Thr Lys Asp 
410 

CGCTACTTCC TAAAAAGCAA CAAAAAAGTT TTTGTGAATG CTGCAAGATT GTTGCATTGT 1542 
GTATACTGAG ATAATCTGAG GCATGGAGAG CAGATTCAGG GTGTGTGTGT GTGTGTGTGT 1602 
GTGTGTGTGT ATGTGCGTGT GCGTGCACAT GTGTGCCTGC GTGTTGGTAT AGGACTTTAA 1662 
AGCTCCTTTT GGCATAGGGA AGTCACGAAG GATTGCTTGA CATCAGGAGA CTTGGGGGGG 1722 
ATTGTAGCAG ACGTCTGGGC TTTTCCCCAC CCAGAGAATA GCCCCCTTCG ATACACATCA 1782 
GCTGGATTTT CAAAAGCTTC AAAGTCTTGG TCTGTGAGTC ACTCTTCAGT TTGGGAGCTG 1842 
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GGTCTGTGGC TTTGATCAGA AGGTACTTTC AAAAGAGGGC TTTCCAGGGC TCAGCTCCCA 1902 

ACCAGCTGTT AGGACCCCAC CCTTTTGCCT TTATTGTCGA CGTGACTCAC CAGACGTCGG 1962 

GGAGAGAGAG CAGTCAGACC GAGCTTTCTG CTAACATGGG GAGGTAGCAG GCACTGGCAT 2022 

AGCACGGTAG TGGTTTGGGG AGGTTTCCGC AGGTCTGCTC CCCACCCCTG CCTCGGAAGA 2082 

ATAAAGAGAA TGTAGTTCCC TACTCAGGCT TTCGTAGTGA TTAGCTTACT AAGGAACTGA 2142 

AAATGGGCCC CTTGTACAAG CTGAGCTGCC CCGGAGGGAG GGAGGAGTTC CCTGGGCTTC 2202 

TGGCACCTGT TTCTAGGCCT AACCATTAGT ACTTACTGTG CAGGGAACCA AACCAAGGTC 2262 

TGAGAAATGC GGACACCCCG AGCGAGCACC CCAAAGTGCA CAAAGCTGAG TAAAAAGCTG 2322 

CCCCCTTCAA ACAGAACTAG ACTCAGTTTT CAATTCCATC CTAAAACTCC TTTTAACCAA 2382 

GCTTAGCTTC TCAAAGGCCT AACCAAGCCT TGGCACCGCC AGATCCTTTC TGTAGGCTAA 2442 

TTCCTCTTGC CCAACGGCAT ATGGAGTGTC CTTATTGCTA AAAAGGATTC CGTCTCCTTC 2502 

AAAGAAGTTT TATTTTTGGT CCAGAGTACT TGTTTTCCCG ATGTGTCCAG CCAGCTCCGC 2562 

AGCAGCTTTT CAAGATGCAC TATGCCTGAT TGCTGATCGT GTTTTAACTT TTTCTTTTCC 2622 

TGTTTTTATT TTGGTATTAA GTCGTTGCCT TTATTTGTAA AGCTGTTATA AATATATATT 2682 

ATATAAATAT ATTAAAAAGG AAAATGTTTC AGATGTTTAT TTGTATAATT ACTTGATTCA 2742 

CACAGTGAGA AAAAATGAAT GTATTCCTGT TTTTGAAGAG AAGAATAATT TTTTTTTCTC 2802 

TAGGGAGAGG TACAGTGTTT ATATTTTGGA GCCTTCCTGA AGGTGTAAAA TTGTAAATAT 2862 

TTTTATCTAT GAGTAAATGT TAAGTAGTTG TTTTAAAATA CTTAATAAAA TAATTCTTTT 2922 

CCTGTGGAAG AAAAAAAAAA AAAAAA 2948 

£*J#^ : 2 
ia?ijtf)ft£ : 412 

£51 
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Met Glu Arg He Pro 
1 5 
Ala Pro Gly Leu Glu 

20 

Met Tyr Gin Val Tyr 
35 

Ser Lys Glu Thr Tyr 
50 

Arg Asp Arg He Asn 
65 

Glu His Leu Lys Leu 

85 

Leu Glu Leu Thr Leu 

100 

Gin Gin Gin Gin Lys 
115 

Glu Leu Ser Gly Arg 
130 

Gly Phe Gin Thr Cys 
145 

Glu Asn Thr Arg Asp 

165 

Arg Val Val Ser Glu 

180 . 
Asp Pro Ala Pro Lys 
195 



Ser Ala Gin Pro Pro Pro 

10 

His Gly Asp Leu Pro Gly 

25 

Lys Ser Arg Arg Gly He 
40 

Lys Leu Pro His Arg Leu 
55 

Glu Cys He Ala Gin Leu 
70 75 
Thr Thr Leu Gly His Leu 

90 

Lys His Val Lys Ala Leu 

105 

He He Ala Leu Gin Ser 
120 

Asn Val Glu Thr Gly Gin 
135 

Ala Arg Glu Val Leu Gin 
150 155 
Leu Lys Ser Ser Gin Leu 

170 

Leu Leu Gin Gly Gly Thr 

185 

Val Met Asp Phe Lys Glu 
200 
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Ala Cys Leu Pro Lys 

15 

Met Tyr Pro Ala His 
30 

Lys Arg Ser Glu Asp 
45 

He Glu Lys Lys Arg 
60 

Lys Asp Leu Leu Pro 

80 

Glu Lys Ala Val Val 

95 

Thr Asn Leu He Asp 
110 

Gly Leu Gin Ala Gly 
125 

Glu Met Phe Cys Ser 
140 

Tyr Leu Ala Lys His 

160 

Val Thr His Leu His 

175 

Ser Arg Lys Pro Ser 
190 

Lys Pro Ser Ser Pro 
205 
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Ala Lys Gly Ser Glu Gly Pro Gly Lys Asn Cys Val Pro Val He Gin 



210 



215 



220 



Arg Thr Phe Ala His Ser Ser Gly Glu Gin Ser Gly Ser Asp Thr Asp 



225 



230 



235 



240 



Thr Asp Ser Gly Tyr Gly Gly Glu Ser Glu Lys Gly Asp Leu Arg Ser 



245 



250 



255 



Glu Gin Pro Cys Phe Lys Ser Asp His Gly Arg Arg Phe Thr Met Gly 



260 



265 



270 



Glu Arg He Gly Ala He Lys Gin Glu Ser Glu Glu Pro Pro Thr Lys 



275 



280 



285 



Lys Asn Arg Met Gin Leu Ser Asp Asp Glu Gly His Phe Thr Ser Ser 



290 



295 



300 



Asp Leu lie Ser Ser Pro Phe Leu Gly Pro His Pro His Gin Pro Pro 



305 



310 



315 



320 



Phe Cys Leu Pro Phe Tyr Leu He Pro Pro Ser Ala Thr Ala Tyr Leu 



325 



330 



335 



Pro Met Leu Glu Lys Cys Trp Tyr Pro Thr Ser Val Pro Val Leu Tyr 



340 



345 



350 



Pro Gly Leu Asn Ala Ser Ala Ala Ala Leu Ser Ser Phe Met Asn Pro 



355 



360 



365 



Asp Lys He Ser Ala Pro Leu Leu Met Pro Gin Arg Leu Pro Ser Pro 



370 



375 



380 



Leu Pro Ala His Pro Ser Val Asp Ser Ser Val Leu Leu Gin Ala Leu 



385 



390 



395 



400 



Lys Pro He Pro Pro Leu Asn Leu Glu Thr Lys Asp 



405 



410 
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